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Abstract: Fundamental studies on constructability issue done in United States, United Kingdom and
Australia illustrate capability of this concept to affect overall objectives of construction projects. It can result
in significant cost and time savings and improved final quality by consideration of construction contractors
experiences during conceptual planning and design phases. As intensive as these studies are, they do not
attempt to investigate importance of these activities in order to find each of their specific barriers separately.
This research explores Constructability Activities (CAs) in all project phases separately based on amount of
contractors involvement in each activity and also amount of gap that exists between target and actual effects
of each activity on achieving the final objectives of building projects in Malaysia. It ends to development of
Critical Constructability Activities (CCAs). This research is crucial to gaining a better understanding of
CCAs which are caused based on contractors higher participation percentage and larger gaps between their
target and actual effects on achieving the final aims of the project. This research highlights the need to
overcome barriers of CAs implementation in building projects. This study recommends construction
stakeholders to concentrate more on CCAs in order to achieve the overall objectives of the project much
faster and easier.
Keywords: Constructability Activities, Buildability, Contractors involvement, Target Effect, Actual Effect,
Building Projects, CA, CCA
1. Introduction
Constructability and buildability are two terms
that their concept have been used and followed in
most of construction projects for a long period of
time. There are some literatures available on
constructability and buildability issues (S. Adams,
1989; CIRIA, 1983; Construction Industry Institute
1986, 1993; Nima, Abdul-Kadir, & Jaafar, 2001;
O'Connor & Davis, 1988; Tatum, Vanegas, &
William, 1986) which have defined it separately, but
as one of the earliest definitions, Construction
Industry Institute (1986) defined it as the optimum
use of construction knowledge and experience in the
conceptual planning, detailed engineering,
procurement and field operations phases to achieve
the overal project objectives. .
There have been lots of researches done in
different locations mainly in developed countries
like United States, United Kingdom, Australia and
recently in Hong Kong, trying to find various
constructability activities to resolve project barriers
on achieving overall aims of projects. In United
Kingdom, Construction Industry Research
Information Association (1983) determines seven
concepts for constructability issue. Then these
concepts were increased to sixteen by CIRIA itself
later. This procedure was followed by some more
researches in United States which results in fourteen
concepts based on Tatum et al. (1986)and O Connor
et al. (1986). Further researches done in
Construction Industry Institute in United States
resulted in seventeen concepts on 1993. Meanwhile,
the Australian CII publishes twelve constructability
concepts. Bambang Trigunarsyah (2004c) broadens
these concepts as the latest version of
constructability concepts to twenty six detailed
activities.
Number of problems in construction phase will
be reduced and a better project performance will be
achieved, if construction experience of contractors is
brought to earlier stages of construction projects
(Trigunarsyah, 2004c). It is essential to consider
constructability at an early stage in the total
construction process, because the ability to
influence project cost, and so value for money, from
the client s viewpoint, diminish as the project
progresses in time. (Alan Griffith & Sidwell, 1995).
Studies have all shown that improved
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2constructability can lead a project in better savings
in cost, time and even some improvements in final
expected quality which are all needed to finalize a
project properly. Russell et.al. (1993) had also
insisted on the usage of constructability in
optimizing some elements which cost and estimates
were among them. Figure 1 illustrates the ability of
constructability activities to influence total cost of a
project. This figure shows that the ability to
influence the total cost decreases as the project
continues.
Figure 1: Ability of CAs implementation to affect on total cost of projects (Construction Industry Institute,
1986)
The present research (which is a part of
Saghatforoush (2009c) Master research in Malaysia,
and is parallel to his other two published works
(2009, 2009a)) aims to identify the CAs with the
highest average amount of contractors involvement
in each of project phases, as well as identifying the
CAs with the largest Gap between Target and
Actual effects on achieving the overall objectives of
the project. It finally determines the CCAs based on
them. This study helps owners to choose better
methods for planning, design, construction and even
to use the final product. As the result, fewer
mistakes in designs and planning, fewer
modification costs and finally better quality in less
cost and time which is the overall goal of the
constructability concept will be caused.
2. Constructability Activities (CAs)
Constructability or buildability (UK), is a
major factor in measuring success or failure of
construction projects (Thabet). Contractor s
capabilities can streamline design progression and
increase the project performance (Pulaski, Horman,
& Riley, 2006). In fact, constructability should be
used as a design consideration, so that optimum
results provide the best of both worlds (Wright &
OBrien-Kreitzberg, 1994). To design for good
buildability requires ingenuity, foresight, and
knowledge and experience of construction (S.
Adams, 1989).
ASCE (1991) stated that a constructability
program is a capability to construct. A
constructability program is the application of a
disciplined, systematic optimization of the
construction-related aspects of a project during the
planning, design, procurement, construction, test,
and start up phases by knowledgeable, experienced
construction personnel who are part of a project
team. The program s purpose is to enhance the
project s overall objectives (ASCE, 1991). A
constructability program is to find the main sources
of mistakes especially during construction and
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3installation and then to recognize the ways to
minimize these problems and their negative
influences on total project objectives (Ugwu,
Anumba, & Thorpeb, 2004).
As it was mentioned earlier, CAs are divided
into twenty six activities based on the latest research
done by Trigunarsyah (2004c). These twenty six
activities are considered to be analyzed and assessed
in this study.
Construction projects can be divided into
different stages as conceptual planning and briefing,
design, procurement, construction and post-
construction (start up and use) (Alan Griffith &
Sidwell, 1995). Nima and Abdul-Kadir (2002)
stated that an engineered construction procedure is a
process starting from planning and design of the
project to end of construction and finally the use of
construction. These stages includes conceptual
design, final design, procurement, construction and
finally start up or use of construction. Trigunarsyah
(2004c) divided the construction project to four
parts of conceptual planning, design and
procurement, pre-construction and finally
construction.
Construction contractors are rarely brought into
design offices or very late, whilst considering
contractors early in the design will result in more
constructible designs (Fischer & Tatum, 1997). The
construction contractors are often invited to design
activities by the time which more than 50% of
design stage is passed. This reduces their ability to
influence project specification (Russell & Gugel,
1993). Different sources of knowledge has
emphasized on importance of design phase and
decisions that can make significant changes in the
project outputs (BCA, 2005; Construction Industry
Review Committee, 2001; Glavinich, 1995; Gray &
Hughes, 2001; Nima, Abdul-Kadir, Jaafar, &
Alghulami, 2002; Uhlik & Lores, 1998). The
integration of experienced construction personnel
into the earliest stages of project planning as full-
fledged members of the project team will greatly
improve the chances of achieving a better quality
project, completed in a safe manner, on schedule,
for the least cost (ASCE, 1991). More prominence
on this integration will result greater amount of cost
savings, labour savings and less substance wastages
(Construction Industry Review Committee, 2001).
Early involvement of contractors at early stages
of construction projects can cause better efficiency
of projects which consist of decreased troubles
during field actions. A timely input to pre-
construction phases by the contractors is suggested
as a foundation of their early participation
(Trigunarsyah, 2004c). In spite of the probable
changes in selection of the final suitable contractors
for the project, there is still a need to enter them into
the very beginning stages of design in order to
achieve more reimbursements from constructability
usage (Jergeas & Van der Put, 2001). The benefits
of constructability are realized to their greatest
extend when measures are taken early in the project
life cycle (ASCE, 1991).
The advantages obtained from a good
constructability are much more than costs spent on
it. In fact, most of previous researches have
established direct association of constructability
with lowering cost and time and also increasing
quality and safety of the construction project
(Francis, Mehrtens, Sidwell, & McGeorge, 1999;
Geile, 1996; A. Griffith & Sidwell, 1997; Jergeas &
Van der Put, 2001; Paulson, 1976; Pheng &
Abeyegoonasekera, 2001; Tatum, et al., 1986;
Trigunarsyah, 2004a, 2004b). Generally, there are
many all-around benefits of good constructability;
these are measurable not only in cost and time, but
also in terms of the physiological and psychological
gains for the participants in the total construction
process (Alan Griffith & Sidwell, 1995). Ugwu and
Anumba et al. (2004) mentioned some of
constructability results as below:
1. Decreasing the cost.
2. Increasing the quality.
3. Shortening schedule of project by suggesting
new construction techniques.
4. Adding project safety.
5. Reducing amount of changes.
6. Reconsidering constructability as part of
design phase to complete value engineering
process which leads to large savings.
3. Current Practices in Malaysia
Background of this knowledge in Malaysia is
not too old. In fact the initial researches have been
done by Nima et al. (2001) on constructability term.
Rosli (2004) also did some researches especially on
design phase few years later, but all these researches
only insisted on constructability issue importance
and some of its implementation barriers. Then based
on uniqueness of this issue in different places
around the world which was mentioned earlier by
Bambang Trigunarsyah (2004c), there seems a need
not only in Malaysian construction industry, but also
in any other country, especially developing
countries, to have a review on their performances.
Early involvement of contractors in
constructability or buildability activities at
construction projects, and great influence of
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and projects aims and also at their performances
pose different questions that should be answered.
Separation of building stakeholders from the design
members can lead to lots of mistakes and problems
during building process of construction projects in
Malaysian building projects that consequently
brings lots of ambiguities in project aims.
Construction Industry Development Board
(CIDB) divided contractors in Malaysia into seven
grades of G1 to G7. Their grades are based on three
main criterias of tendering capacity, financial
capacity and availability of human resources. G1
contractors are smallest scale companies, and in
contrast G7 ones have most experienced people in.
Then it should be mentioned that G7 contractors are
mostly located in Kuala Lumpur city and its suburb
according to list of addresses which is taken from
CIDB. So the needed data for this study is obtained
through a questionnaire survey, administered among
819 G7 contractors who are actively working and
are involved in building projects in Klang Valley
district which includes Kuala Lumpur city as the
capital city of Malaysia and Selangor Darul Ehsan
area.
4. Methodology
Different literatures on methods of Data
collection (G. Adams & Schvaneveldt, 1985; Baker,
1988; Fowler, 1984; Sekaran, 2000; Zikmund,
2000) shows that questionnaire can reach a large
number of respondents in different locations of
study area at relatively lower price, shorter period of
time and less attempt compared to other data
collection methods. Adams and Schvaneveldt
(1985) believe that using of questionnaires, because
of their flexibility and usage is so effective that
researchers do not try to use any other method or
device. That is why questionnaire survey method
was chosen as the most suitable method to find the
most reliable results in this research.
This questionnaire is designed based on the
standard rules, guidelines and procedure which are
mentioned and followed in different research
method reference books (G. Adams &
Schvaneveldt, 1985; Baker, 1988; Fowler, 1984;
Sekaran, 2000; Zikmund, 2000). In this research,
five-scale Likert type, which is one of extremely
popular methods of measuring attitudes toward
independent variables, is used.
This questionnaire is to be spread among the
managing directors of the Malaysian building
contractors and any responses received from any
other irrelevant respondents are not involved in
analyses. This is only to guarantee the validity and
reliability of responses obtained.
The final designed questionnaire is divided to
two parts. The first part of questionnaire is just to
obtain some information on characteristics of
respondents and their companies, then to find out
the general opinion of contractors about
constructability issue. The second part of the
questionnaire comprises of dependent variables on
amount of contractor s involvement in each twenty
six constructability activities in first column and
also contractor s opinion on target and actual effect
of each constructability activity on achieving the
overall objectives of the project according to their
experiences, especially in the projects they have
been involved in the second and third columns.
Target and actual effects of each constructability
activity, as defined in the questionnaire form, are
just to make judgement in the amount of gap
between expected effect of applying a specific
activity and degree of success obtained in achieving
the overall goals of the project. The respondents
should only tick their suitable responses in each
five-scale Likert type designed column.
5. Results and Interpretation
Sample size for this research is 106 (Based on
reliable formulas). It is obvious that response rate is
not always 100%, especially in mailed questionnaire
surveys except for a few cases (Al-Yousif, 2001).
Mostly this rate is very low and choosing a sample
size larger than the amount calculated from the
formula is more logical and practical in order to do
the survey faster. So the researcher posted 117
questionnaire forms to the 117 selected companies
and then tried to follow them up. After following
up, 73 corrected answered questionnaire forms were
collected which shows a 69% response rate that
makes the analyses reliable to be performed and also
lets the researcher to achieve efficient conclusions.
It should be mentioned that 19 responses which
were filled in by irrelevant people of the companies
or the ones which had any specific mistake in the
answers to the questions were not involved in the
present research analyses.
In the second part of the questionnaire form,
respondents were asked to define their amount of
involvement in each activity and also their opinion
about the target and actual effect of each activity on
achieving the overall aims of the building projects.
The gathered data, obtained from this questionnaire,
were analyzed using descriptive analyses of MCT
and MD methods. These analyses are divided to
three sections. First of all the Means of contractor s
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the gaps between target and actual effect of each
constructability activity on achieving the overall
goals of the building project are found, then the
critical constructability activities (CCAs) are
determined according to the results of previous two
sections. In fact, the researcher has used the first and
second sections as two filters in order to select the
most critical activities as CCAs in the third section.
Then it should be noted that as the nature of CAs in
each phase are absolutely different from the other
phases, the researcher has explored each phase
separately without consideration of the other
activities in other phases.
5.1. Contractors Involvement in CAs
Average amount of contractors involvement in
each activity is calculated in Table 1. Activities with
higher amount of Means will be selected as potential
candidates of CCAs.
Based on the calculated Means for the first six
constructability activities of conceptual planning
phase, it is obviously clear that the only percentages
which are more than 50% belongs to participants
contribution in preparation of schedule, estimates
and budget and also selection of major
construction methods and materials . Then
frequencies of contractors who have been involved
in these activities are more than the other activities
as well. This process shows that these activities
have this potential to be among the CCAs.
Table 1. Contractors involvement during conceptual planning phase
Activity
No. Activity X Y
Average
amount of
involvement
(%)
1 Advice owner in the establishment of the project goals and objectives 31 42 35
2 Execution of feasibility studies and advice in selection of site 36 37 30
3 Advice owner in the contracting strategy 35 38 34
4 Suggest structural systems 30 43 38
5 Selection of major construction method and materials 22 51 52
6 Preparation of schedule, estimates and budget 21 52 54
X: Frequency of contractors who selected 0%
Y: Frequency of contractors who selected 25, 50, 75 or 100%.
After going through the means calculated for
contractors participation in activities of design and
procurement phase of construction (See Table 2), it
is found that means of two activities of analyzing
the design to enable efficient construction and also
preparation of schedules, estimates and budgets in
this phase are more than 50%. After that
frequencies of participants who have been involved
in these activities are among the top frequencies of
this phase as well. As the result, these two activities
also can be among the candidates of being CCA,
because their means and also their frequencies are
both more than other activities.
Table 2. Contractors involvement during design and procurement phase
Activity
No. Activity X Y
Average amount
of involvement
(%)
7 Analyze the design to enable efficient construction 19 54 53
8 Review and advice accessibility of personnel, material andequipment 19 54 45
9 Analyze/revise specifications to allow easy construction 18 55 47
10 Advice design team about sources of materials and engineeredequipment 21 52 43
11 Analyze/promote designs that facilitate construction underadverse weather conditions 25 48 35
12 Preparation of schedule, estimates and budget 20 53 54
X: Frequency of contractors who selected 0%
Y: Frequency of contractors who selected 25, 50, 75 or 100%
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16 are the only activities with Average amount of
contractors involvement lower than 50%. Then
fewer numbers of contractors have been involved in
these activities. As the result, five highlighted
activities of pre-construction phase can be among
the candidates of CCA, because both their means
and frequencies of their involved contractors are
among the top levels in this group of activities. It
also can be said that means of contractors
experience at participation in constructability
activities is increasing little by little by going
through later project life cycle.
Table 3. Contractors involvement during pre-construction phase
Activity
No. Activity X Y
Average
amount of
involvement
(%)
13 Carefully assign appropriate construction personnel who has therequired experience and team approach to the project team 12 61 59
14 Attach the construction personnel (representatives) to or locate themin close physical proximity to the design team 16 57 42
15 Pro-actively involved in developing project plans 15 58 40
16 Use pre-construction plans as a basis for input to design 18 55 42
17 Study construction method that may improve constructability of theproject 10 63 63
18 Review and select constructability issues which are most important tothe project including the need for special studies 12 61 57
19 Provide means to monitor constructability improvement 13 60 57
20 Make timely input to design to avoid the need for changes 13 60 55
X: Frequency of contractors who selected 0%
Y: Frequency of contractors who selected 25, 50, 75 or 100%
Table 4 illustrates that the calculated mean in
activity number 25, which is using the innovative
construction equipments , and also the frequency of
contractors who have been involved in this activity
are lower than other activities. This matter can
clearly show that the other five constructability
activities of construction phase can be among the
candidates of CCAs. It is completely obvious that
the means of contractors involvement and also the
frequencies of involved contractors for the
candidates of this group of activities are among the
highest amounts compared to the activities of other
phases of building projects.
Table 4. Contractor involvement during construction phase
Activity
No. Activity X Y
Average amount
of involvement
(%)
21 Carefully analyze the layout, access, and temporary facilities toimprove productivity 4 69 73
22 Plan the sequence of field tasks to improve productivity 3 70 72
23 Use hand tools that reduce labour activities, increase mobility,accessibility, safety or reliability 4 69 64
24 Customize or upgrade your construction equipment to improveproductivity 4 69 62
25 Use innovative construction equipment 9 64 46
26 Use modularization/pre-assembly works 7 66 60
X: Frequency of contractors who selected 0%
Y: Frequency of contractors who selected 25, 50, 75 or 100%
As it can be seen, the Means of contractors
participation in most of CAs are more than 50%
specially the activities in later project phases. Then
the activities with fewer frequencies of contractors
participation are mostly among the activities of
earlier stages, so most of candidate activities of
CCAs are among the activities of later project
phases.
The highest amounts of contractors
involvement in the tables can be seen among
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Carefully analyzing the layout, access, and
temporary facilities to improve productivity and
also Planning the sequence of field tasks to
improve productivity have the top levels of
contractors involvement among all constructability
activities. After that Execution of feasibility studies
and advising in selection of site , Advising owner
in the contracting strategy , and Advising owner in
the establishment of the project goals and
objectives and Analyzing/promoting designs that
facilitate construction under adverse weather
conditions are among the activities with the lowest
amount of contractors involvement. It should be
noted that Malaysian construction industry still
needs to encourage the owners to let the
construction contractors enter whole stages of
construction projects, as statistics show this shortage
specifically at early phases.
5.2. Target and Actual Effects of CAs
Table 5 shows the gap between obtained target
and actual effects of each CAs on achieving overall
project objectives in conceptual planning phase.
This table illustrates that largest gaps are among
activities number 1, 2, 3 and 6, so these are the
candidate activities in order to be selected as CCAs.
It shows that contractors had faced fewer barriers in
suggesting their preferred structural system and also
in selection of major construction methods and
materials based on their lower amounts of gaps
between target and actual effects, compared with
others.
Table 5. Target and actual effects of CAs and calculated gap in conceptual planning phase
Activity
No. Activity Y
Target Effect Actual Effect GapMean Std Mean Std
1 Advice owner in the establishment of the project goalsand objectives 42 3.64 0.85 2.90 0.96 0.74
2 Execution of feasibility studies and advice in selectionof site 37 3.57 0.83 2.84 0.90 0.73
3 Advice owner in the contracting strategy 38 3.84 0.79 3.21 0.93 0.63
4 Suggest structural systems 43 3.88 0.45 3.37 0.72 0.51
5 Selection of major construction method and materials 51 3.88 0.68 3.33 0.79 0.55
6 Preparation of schedule, estimates and budget 52 3.98 0.83 3.37 0.86 0.62
Y: Frequency of contractors who selected 25, 50, 75 or 100%.
The gaps between target and actual effects of
CAs on gaining project aims in design and
procurement phases are displayed in Table 6.
Activities numbers 8 and 11 are more critical than
others, because they have larger gaps, in compare
with other four activities.
Table 6. Target and actual effects of CAs and calculated gap in design and procurement phase
Activity
No. Activity Y
Target Effect Actual Effect GapMean Std Mean Std
7 Analyze the design to enable efficient construction 54 3.74 0.71 3.17 0.77 0.57
8 Review and advice accessibility of personnel,material and equipment 54 3.57 0.79 2.96 0.91 0.61
9 Analyze/revise specifications to allow easyconstruction 55 3.67 0.75 3.13 0.79 0.55
10 Advice design team about sources of materials andengineered equipment 52 3.38 0.97 2.85 0.94 0.54
11 Analyze/promote designs that facilitateconstruction under adverse weather conditions 48 3.48 0.77 2.85 0.68 0.63
12 Preparation of schedule, estimates and budget 53 3.81 0.79 3.34 0.76 0.47
Y: Frequency of contractors who selected 25, 50, 75 or 100%.
After having a look on Table 7 which shows the
gaps between target and actual effects of each CAs
in pre-construction phase, it was found that five
activities number 16, 17, 18, 19 and 20 are among
the most critical activities of this phase because of
the larger gaps that they have in compare with other
activities of this phase. Assigning appropriate
construction personnel , attaching the construction
personnel to close contact with designers and
finally being involved in developing project plans
are among the activities that needs more attention in
order to resolve barriers.
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Activity
No. Activity Y
Target Effect Actual Effect GapMean Std Mean Std
13
Carefully assign appropriate construction personnel
who has the required experience and team approach
to the project team
61 3.74 0.77 3.28 0.86 0.46
14
Attach the construction personnel (representatives) to
or locate them in close physical proximity to the
design team
57 3.67 0.93 3.18 1.04 0.49
15 Pro-actively involved in developing project plans 58 3.67 0.85 3.10 0.91 0.57
16 Use pre-construction plans as a basis for input todesign 55 3.98 0.62 3.20 0.73 0.78
17 Study construction method that may improveconstructability of the project 63 3.92 0.87 3.29 0.85 0.63
18
Review and select constructability issues which are
most important to the project including the need for
special studies
61 3.75 0.92 3.11 0.93 0.64
19 Provide means to monitor constructabilityimprovement 60 3.82 0.70 3.17 0.83 0.65
20 Make timely input to design to avoid the need forchanges 60 3.90 0.82 3.07 0.95 0.83
Y: Frequency of contractors who selected 25, 50, 75 or 100%.
Table 8 illustrates the gaps between target and
actual effects of constructability activities of
construction phase. These gaps in the first three
activities are more than the other following three
activities. So CAs number 21, 22 and 23 are this
phase candidates to be selected as CCAs.
Table 8. Target and actual effect of CAs and calculated gap in construction phase
Activity
No. Activity Y
Target Effect Actual Effect GapMean Std Mean Std
21 Carefully analyze the layout, access, andtemporary facilities to improve productivity 69 4.01 0.68 3.35 0.90 0.67
22 Plan the sequence of field tasks to improveproductivity 70 3.94 0.78 3.30 0.87 0.64
23
Use hand tools that reduce labour activities,
increase mobility, accessibility, safety or
reliability
69 3.80 0.65 3.17 0.86 0.62
24 Customize or upgrade your constructionequipment to improve productivity 69 3.80 0.63 3.22 0.74 0.58
25 Use innovative construction equipment 64 3.70 0.79 3.13 0.93 0.58
26 Use modularization/pre-assembly works 66 3.76 0.72 3.18 0.93 0.58
Y: Frequency of contractors who selected 25, 50, 75 or 100%.
As the conclusion, around half of
constructability activities have large gaps between
target and actual effects on achieving the overall
objectives of the project. There is no evidence which
shows any relationship between the amounts of gaps
and phase of the projects. It means activities with
large or small gaps can be seen in all construction
phases.
The largest gaps can be seen in some CAs like
Making timely input to design to avoid the need for
changes , Using pre-construction plans as a basis
for input to design , Advising owner in the
establishment of the project goals and objectives
and Execution of feasibility studies and advice in
selection of site . After that Carefully assigning
appropriate construction personnel who has the
required experience and team approach to the
project team , Preparation of schedule, estimates
and budget and Attaching the construction
personnel (representatives) to or locate them in close
physical proximity to the design team are among
the activities with the lowest gap between target and
actual effects.
The gaps can be seen between target and actual
effects of each activity show there are still some
barriers in implementation of each CA. Also the
differences among the gaps illustrate various kinds
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activity separately.
5.3. Critical Constructability Activities (CCAs)
Based on the results of previous two sections,
the CCAs can be selected. As it can be seen in Table
9, the activities which are among the highest
average amount of involvement and also among the
largest gaps are selected as CCAs. The activities
which are among the critical ones in both series are
the activities which will have more influences on
achieving the overall aims of the building projects.
Table 9. Critical Constructability Activities (CCAs)
Activity
No. Activity
Average
amount of
involvement
(%)
Gap
Critical
constructability
activities
1 Advice owner in the establishment of the project goalsand objectives 35 0.74
2 Execution of feasibility studies and advice in selectionof site 30 0.73
3 Advice owner in the contracting strategy 34 0.63
4 Suggest structural systems 38 0.51
5 Selection of major construction method and materials 52 0.55
6 Preparation of schedule, estimates and budget 54 0.62 X
7 Analyze the design to enable efficient construction 53 0.57
8 Review and advice accessibility of personnel, materialand equipment 45 0.61
9 Analyze/revise specifications to allow easyconstruction 47 0.55
10 Advice design team about sources of materials andengineered equipment 43 0.54
11 Analyze/promote designs that facilitateconstruction under adverse weather conditions 35 0.63
12 Preparation of schedule, estimates and budget 54 0.47
13
Carefully assign appropriate construction personnel
who has the required experience and team approach to
the project team
59 0.46
14
Attach the construction personnel (representatives) to
or locate them in close physical proximity to the design
team
42 0.49
15 Pro-actively involved in developing project plans 40 0.57
16 Use pre-construction plans as a basis for input to design 42 0.78
17 Study construction method that may improveconstructability of the project 63 0.63 X
18
Review and select constructability issues which are
most important to the project including the need for
special studies
57 0.64 X
19 Provide means to monitor constructabilityimprovement 57 0.65 X
20 Make timely input to design to avoid the need forchanges 55 0.83 X
21 Carefully analyze the layout, access, and temporaryfacilities to improve productivity 73 0.67 X
22 Plan the sequence of field tasks to improve productivity 72 0.64 X
23 Use hand tools that reduce labour activities, increasemobility, accessibility, safety or reliability 64 0.62 X
24 Customize or upgrade your construction equipment toimprove productivity 62 0.58
25 Use innovative construction equipment 46 0.58
26 Use modularization/pre-assembly works 60 0.58
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This table shows only eight activities out of
twenty six CAs have this characteristic to be
selected as CCA. These eight activities are as
below:
 Preparation of schedule estimates and budget
 Study construction method that may improve
constructability of the project
 Review and select constructability issues
which are most important to the project
including the need for special studies
 Provide means to monitor constructability
improvement
 Make timely input to design to avoid the need
for changes
 Carefully analyze the layout, access, and
temporary facilities to improve productivity
 Plan the sequence of field tasks to improve
productivity
 Use hand tools that reduce labour activities,
increase mobility, accessibility, safety or
reliability
Concentrating more on these activities and
solving barriers of their implementation will help
the Malaysian construction industry to achieve
overall objectives of the projects much faster than
before.
6. Contribution with industry
Based on what is obtained from this survey,
concentrating more on CCAs which have higher
amount of Means for participation of contractors
and also larger gaps between their target and actual
effects, then trying to solve barriers of their
implementation will help the Malaysian
construction industry to achieve overall objectives
of the projects much faster than before. It causes
lower costs and shorter life cycle period with the
same quality which is whole the constructability
concept aim. After that, there are still some
activities which fewer contractors are involved in.
Guiding the owners to clear the way for the
contractors to enter such activities will prevent the
probable mistakes and problems of construction
phase and help them to design and plan for a better
and more efficient construction projects with fewer
numbers of probable modifications.
7. Conclusions
Decisions which are made in earlier phases of
building projects have more influence on total costs
of the project, but this research shows Malaysian
building contractors have been involved in most of
CAs in later project phases for more than 50%;
whilst less participated activities are among earlier
phases of planning and design. As the result, there
should be more incentives provided for Malaysian
building contractors to enter them into earlier stages
of building projects.
The gap between target and actual effect of each
activity on achieving overall project objectives is
quite large for most of activities. It represents
significant numbers of barriers against their
implementation among today s building projects. To
decrease these gaps or even to omit them, clarifying
the CAs for construction contractors and reducing
barriers in their performance is needed.
Finally, concentrating on obtained CCAs which
have higher amounts of participation of contractors,
and also larger gaps between their target and actual
effects will be a helpful way to find the most critical
barriers of constructability issue implementation.
Minimizing number of the barriers will help the
Malaysian construction industry to achieve overall
objectives of the projects much faster than before in
lower costs, shorter project life cycle with the same
quality which is whole the constructability concept
aim.
8. Recommendations
The collected data for this research was limited to
building contractors only. It is suggested that the
following researches should develop their scope to
other types of contractors in order to check all the
probabilities of changes in the research results.
It is recommended that future researches concentrate
more on the critical constructability activities in
order to find their specific barriers and also barrier
breakers which can decrease the calculated gaps
between target and actual effects of each activity on
attaining the total project aims.
Researcher s next focus is improvement of
constructability concept. It will broaden
constructability activities to cover post-construction
stage, as well as pre-occupancy ones.
PDF created with pdfFactory Pro trial version www.pdffactory.com
11
9. References
Adams, G., & Schvaneveldt, J. D. (1985). Underestanding Research Methods (Vol. 1st Ed.). New York,
USA: Longman Inc.
Adams, S. (1989). Practical Buildability. London: Butterworth's.
Al-Yousif, F. A. (2001). Assessment of Constructability Practices Among General Contractors in the
Eastern Province of Saudi Arabia. King Fahd University of Petroleum & Minerals.
ASCE, C. M. C. o. t. C. D. (1991). Constructability and constructability programs: White Papers. Journal of
Construction Engineering and Management, 117(1), 67-89.
Baker, T. L. (1988). Doing Social Research. New York, USA: McGrawHill Book Company.
BCA. (2005). Code of Practice on Buildable Design. Singapore: Building and Construction Authority
(BCA).
CIRIA, C. I. R. a. I. A. (1983). Buildability: An Assessment. UK: Special Publication.
Construction Industry Institute. (1986). Constructability: a primer (Vol. 3-1). Austin, TX.
Construction Industry Institute , C. (1986). Constructability: A Premier. Texas, Austin, USA: Rep.
Publication 3-1.
Construction Industry Institute , C. (1993). Constructability Implementation Guide. Texas, USA: CII
Publication 34-1.
Construction Industry Review Committee, C. (2001). Construct for Excellence: Report of the Construction
Industry Review Committee. Hong Kong Special Administrative Region.
Fischer, M., & Tatum, C. B. (1997). Characteristics of Design-Relevant Constructability Knowledge.
Journal of Construction Engineering and Management, 123(3), 253-260.
Fowler, F. J. (1984). Survey Research Methods. London, England: Sega Publications, Ltd.
Francis, V. E., Mehrtens, V. M., Sidwell, A. C., & McGeorge, W. D. (1999). Constructability Strategies for
Improved Project Performance. Architectural Science Review, 42, 133-138.
Geile, R. J. (1996). Constructability, 'The Stretch version' (pp. VE&C.6.1 - VE&C.6.5): Transactions of
AACE International.
Glavinich, T. E. (1995). Improving Constructability During Design Phase. Journal of Architectural
Engineering, 1(2), 73-76.
Gray, C., & Hughes, W. (2001). Building Design Management. Oxford, UK: Butterworth-Heinemann.
Griffith, A., & Sidwell, A. C. (1997). Development of Constructability Concepts, Principles and Practices.
Engineering, Construction and Architectural Management, 4(4), 295-310.
Griffith, A., & Sidwell, T. (1995). Constructability in building and engineering projects. Wiltshire:
MACMILLAN.
Jergeas, G., & Van der Put, J. (2001). Benefits of Constructability on Construction Projects. Journal of
Construction Engineering and Management, 127(4), 281-290.
Nima, M. A., Abdul-Kadir, M. R., & Jaafar, M. S. (2001). Evaluation of the role of the contractor's personnel
in enhancing the project constructability
Structural Survey, 19(4), 193-200.
Nima, M. A., Abdul-Kadir, M. R., Jaafar, M. S., & Alghulami, R. G. (2002). Constructability Concepts in
West Port Highway in Malaysia. Journal of Construction Engineering and Management, 128(4),
348-356.
O'Connor, J. T., & Davis, V. S. (1988). Constructability Improvement During Field Operations. Journal of
Construction Engineering and Management, 114(4), 548-564.
O'Connor, J. T., & Tucker, R. L. (1986). Industrial project constructability improvement. Journal of
Construction Engineering and Management, 112(1), 69-82.
Paulson, B. C. (1976). Designing to Reduce Construction Costs. Journal of Construction Engineering and
Management, 102(4), 587-592.
Pheng, L. S., & Abeyegoonasekera, B. (2001). Integrating Buildability in ISO 9000 Quality Management
Systems: Case Study of a Condominium Project. Building and Environment, 36, 299-312.
Pulaski, M., Horman, M., & Riley, D. R. (2006). Constructability Practices to Manage Sustainable Building
Knowledge. Journal of Architectural Engineering, 12(2), 83-92.
Rosli, M. Z. (2004). Design phase constructability assessment model. PhD, Universiti Teknology Malaysia.
PDF created with pdfFactory Pro trial version www.pdffactory.com
12
Russell, J. S., & Gugel, J. G. (1993). Comparison of Two Corporate Constructability Programs. Journal of
Construction Engineering and Management, 119(4), 769-784.
Saghatforoush, E. (2009c). Development of constructability activity survey framework for Malaysian
contractors. MSc, University Putra Malaysia, Kuala Lumpur.
Saghatforoush, E., Abdul-Kadir, M. R., Jaafar, M. S., & Salihuddin, H. (2009). Constructability
implementation among Malaysian building contractors. European Journal of Scientific Research,
29(4), 518-532.
Saghatforoush, E., Abdul-Kadir, M. R., Jaafar, M. S., & Salihuddin, H. (2009a). Assessment of critical
constructability activities among Malaysian building contractors. American Journal of Scientific
Research(3), 15-25.
Sekaran, U. (2000). Research methods for business. New York, USA: John Wiley and Sons, Inc.
Tatum, C. B., Vanegas, J. A., & William, J. M. (1986). Constructability Improvement Using Prefabrication,
Preassembly, and Modularization. Stanford, California: Stanford University.
Thabet, W. Design/Construction Integration thru Virtual Construction for Improved Constructability.
Trigunarsyah, B. (2004a). A Review of Current Practice in Constructability Implement: Case Studies on
Construction Projects in Indonesia. Construction Management and Economics, 22(6), 567-580.
Trigunarsyah, B. (2004b). Project Owner's Role in Improving Constructability of Construction Projects: An
Example Analysis for Indonesia. Construction Management and Economics, 22(8), 861-876.
Trigunarsyah, B. (2004c). Constructability Practices among Construction Contractors in Indonesia. Journal
of Construction Engineering and Management, 130(5), 656-669.
Ugwu, O. O., Anumba, C. J., & Thorpeb, A. (2004). The Development of Cognitive Models for
Constructability Assessment in Steel Frame Structures. Advances in Engineering Software, 35, 191-
203.
Uhlik, F. T., & Lores, G. V. (1998). Assessment of Constructability Practices Among General Contractors.
Journal of Architectural Engineering, 4(3), 113-123.
Wright, E. D., & OBrien-Kreitzberg, P. E. (1994). Constructability Guide.
Zikmund, W. G. (2000). Business Research Methods. Orlando, Philadelphia, USA: The Dryden Press,
Harcourt College Publishers.
PDF created with pdfFactory Pro trial version www.pdffactory.com
